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Statement of Problem.
The purpose of this study is to determine the
amounts of serum calcium, inorganic phosphorus, plasma
proteins, and cholesterol occurring in the blood of
diabetic patients, v/hen the blood sugar is at varying
levels. These levels are to be determined in both pure
and complicated cases, with the hope of discovering any
deviations from normal or change in relationships, caused
by the diabetes or the co-existing disease. Furthermore,
I v;ish to evaluate the effect of these variations on
some of the usual complications of diabetes.
There are but fev/ records in the literature of such
studies on diabetic patients, although v;ork on normals or
in other diseased conditions, in v/hich these factors are
changed, indicates the possibility of interesting
relationships. The cholesterol level is possibly an
exception, since Kabinov/itch (45), Joslin and his
associates and Bloor and co-workers v4) have made
intensive surveys on its connection v;ith blood sugar,
and Mosenthal (33) has done some experimental work
bearing on this problem. Peters and his associates
have studied blood proteins in patients v;ith diabetes
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and found that thsir concentration varies with the state
of hydration in the blood (44), and Sunderman, Austin,
and Williams have found that massive doses of insulin
given to fasting diabetic persons, caused a drop in the
amounts of inorganic phosphorus and cholesterol (51).
Wiener and Wiener, in a study of plasma proteins in many
diseases, give calcium, protein, and cholesterol values
for a series of diabetics (58). They shov; protein
levels within norma] limits in uncomplicated cases but a
changed ratio of the protein fractions in infection,
hifTh normal or slightly increased calciums, and
cholesterols mostly within normal limits.
Experimental v/ork on other than diabetic people
sup:gests possible changes in the levels of these
constituents. -raubenhaus and Steinig found a variation
of proteins v/ith glucose ingestion (52), while Greenberg
and Gunther (18), Darrow, Hopper, and Cary (11), and Peters
and niserson (45) found direct relationship between
calcium and protein. The administration of glucose or
glucose and insulin causes a drop in phosphorus and a rise
in calcium \15), (50), while Peters and Fiserson discovered
that along with the phosphorus balance the concentration
of the calcium varies directly with -the concentration of
iv y f.t M i
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the •orotein v43) . Stearns and Knov/lton found a lack of
relationship hetv^een these three in normal children v^O).
With this information in mind, it will be of interest
to determine whether in the diabetic, with a mounting
hyperglycemia, there will be a lov/ered phosphorus and an
increased calcium or whether he will react more nearly
K*
as did Markowitz's depancreatized dogs \,Z>0) , These and
other suggestions, such as the cholesterol and protein
levels, the relation of proteins to edema, etc., indicate
an extensive field for study.
*These dogs did not shov/ the usual reduction in
urinary phosphates found in normal dogs follov/ing the
ingestion of glucose ^30).
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r rocedure .
Blood studies were done on an unselected group of
out-patients sent from the diabetic clinic. fhese
included cases of complicated and pure diabetes and those
v/ith and without insulin medication 11 the patients
when studied were in a fasting condition and insulin
cases came without the morning dose. An attempt was
made to do more than one series on each case so that it
would be possible to watch relationships v/ith the blood
sugar at varying levels. in tv;o instances there was an
«
opnortunlty to determine some of these factors during a
glucose tolerance test.
Samnles of 25-30 cc. of blood v/ere taken, and the
follov/ing determinations made: sugar, non-protein
nitrogen, plasma proteins
^
fractioned)
,
plasma
cholesterol, serum calcium, inorganic phosphorus, blood
cell count and hemoglobin to detect 8ny anemia, and
plasma volume % to show the state of hydration. The
sugars and non-nrotein nitrogens were done by the
ttThe inorganic phosphorus determinations were made
on serum in all but a few cases in which plasma was
substituted
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Folln-Wu method ^16). The plasma proteins were
fractioned hy a modification of Howe's method ^21), but
after digestion, the ammonia v/as distilled into .N/50 HCl
and titrated with N/50 NaOH rather than nesslerized,
Bloor's method for cholesterol (5), the Kramer-Tisdall
method for serum calcium (26), and the Benedict and Theis
method for inorganic phosphorus v21) were used. The
hemoglobins were determined on a Haden-Hausser
hemoglobinometer and Haden’s standard of 15.4 gm. equal to
100 yo utilized in calculating the percentage ^20).
Plasma volume % was found by centrifuging a known amount
of blood in a graduated tube and calculating the per cent.
All values unless otherwise indicated are in mg. per
100 cc.
A study of the patients' records was made to aid in
evaluating the results. The history, physical
examination card, and reports of calls at the clinic
were read to give a knowledge of the general physical
condition, the diet in use, the insulin dosage if any,
complicating conditions or diseases, and any other
factors of importance.
A routine examination of the urine was also carried
out to detect the presence of glycosuria, acidosis.
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kidney involvement, or any other abnormalities shov/n
here
.
The combined study of the blood findings, case
records, and urine examination gives a fairly well
defined picture of the condit j on of the patient.
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Results of Blood Studies
.
Case Bl. S. N. P. N. Tot. Prot. Fib. Alb. Glob. Ratio Serrim Inorgan
.
Bl. Plas. Plas. Vol. Hb Eryth
,
Age Remarks
.
No. (%) r/o) (?C) (7o) Ca P Choi
.
{%) {%)
*1 F 454.5 30.7 11.9 54 84.7 563000U 20 Increased Icteric Index 30 - glycosuria - slight
acetonuria.
400 31.5 8.32 2.75 11 222 51 97 5490000
2 M 198 35 7.9 0.52 11 44 94 6730000 65 Varicose veins - glycosuria 1 %.
*3 M 307 .
6
29.3 7.56 0.45 4.73 2.36 2.0-1 10 2.9 200 51 90.9 6120000 42 Icteric Index 20 - diet often inadequate - poor
nutrition - in second stiidy recovering from coryza
500 32.5 7.86 0.57 5.03 2.25 2.2-1 7 4.0 190 .
4
51.7 90.9 5930000 and congested ear.
•is-4 F 324 36 8.45 0.97 11.6 2.3 59.1 77 6580000 53 Albumlmirla - recovering from gastric upset.
Hyaline casts.
5 i. 317 39 8.26 0.61 5.17 2.47 2.0-1 10.1 2.8 244 53.3 84 4800000 40 Glycosuria - abdominal pain, cause not determined.
285 29 8.48 0.61 4.98 2.88 1.7-1 10.7 208 52.3 84 56150U0
6 F 250 43.2 7.62 5.16 2.45 2.5-'l 6.7 ' 47.6 84 5840000 73 Glycosuria - sometimes albuminuria - hypertension-
coronary disease - angina pectoris - severe myocardial
f 380 39 7.83 4.76 3.07 1.5-1 10.1 impairment
.
*7 M 238 30.2 7.98 0.77 4.46 2.75 1.6-1 13.2 36 97 6295060 67 Glycosuria - si. kidney Involvement a few months ago.
8 P 274 33 9.14 1.02 9.7 259 43.4 97 6436000 64 Many dietary Irregularities.
i:-9 F 344.8 26.9 7.53 0.22 4.21 3.09 1
—
1
1CO1
—
1
285 43 90.9 6910000 61 Polyiarla - glycosuria - albuminuria - controlled syph.
Acromegalic features - l^ant , pit, 7 yr . , post. pit. lyr
10 F 363 30.4 8.22 0.35 4.37 3.50 1.2-1 7 .7 3.5 50 97 5985000 44 Polyphagia - polydipsia - polyuria - glycosuria -
It mercury treatment for syphilis.
11 F 270 33.2 7.83 4.64 3.18 1.4-1 259 47.2 • 90.9 6100000 62 SI. albuminuria - careless about diet' - recovering from
coryza - hypertension - early hypertrophic arthritis.
12 M 166 30.5 7.54 4.74 2.79 1.6-1 9.6 3.6 244 54.7 84 4880000 68 Albuminuria - coryza - arteriosclerosis - calcified
aortic ring - senescent heart.
13 F 444 20.3 7.92 5.10 2.81 1.8-1 9.7 4.3 208 47.1 90.7 4520000 40 Rather persistent glycosuria - acetonuria - albuminuria-
some dietary •Irregularities.
M - male patient.
P
‘k
f
female patient.
patient on Insulin medication except at time
.
patient not In fasting state.
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Patient I - 100 gm. Glucose.
N.P.N. Tot. Prot . Fib. Alb. Glob.
K%) {%) (%) (%)
Ratio Ca Plas.
Yol.%
Fast. 250 31.5 7.94 .945 3.50 3.39 1.03-1 8.0 62
1 hr. 606 27.2 7.40 .737 3.37 3.24 1.03-1 12.1 64.2
2 hr. 625 28.9 7.09 .957 9.2 65.9
Records show; Woman, 60 yrs. of age. Hypertension case .
Hemoglobin - slight albuminuria - occasional glycosuria
History of Diabetes Mellitus of ten ye ar s duration
Controlled by diet .
Patient II - 100 gm. Glucose.
Time Bl.S. N.P.N. Tot. Prot. Fib. Alb. Glob. Ratio Ca Plas .
{%) {%) ( %
)
(%) Vol .%
Fast. 266 35.9 11.6 52.8
1 2/5 434 30.0 9.850 1.291 3.285 5.273 1-1.6 9.2 51.8
hr.
2 2/3 459 28.4 3.256 8.6 53.4
hr.
Records shov/; Woman about 50 yrs. of age.
Henop:lobin 86 - glycosuria - albuminuria.
History of Diabetes Mellitus of 9-10 years duration.
Heart involvement - probably early myocardial impairment
due to coronary thrombosis.
No regular diet at time of study.
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Results of Blood Studies,
The detailed account of each study is listed in the
adjoining charts and graphs, which when interpreted, tend
to explain some of the questions set forth in the earlier
part of the paner. Before attempting to evaluate these
data, we should consider the type of patient studied,
Perhaps cases 1, 3, 5, 10, 13 might be classed as the true
oancreatic type of diabetes and most of the rest as the
senile or mild form found in middle and late life. From
these two groups we may exnect some difference in
reaction since in that of old age there is probably loss
of sugar tolerance through poor utilization rather than
entirely through lack of available insulin, ihe fasting
blood sugar levels would suggest poor control in some
cases, but it must be remembered that this group is
comnosed of out-patients, who come to the clinic only
about once a month or at longer intervals, in most cases,
and who are in general very poor, in fact some cannot buy
insulin and find it difficult to obtain the proper diet.
Others, as you will note, are very negligent about
keeping their diets. Also in the cases under insulin
medication hyperglycemia would prevail since the last dose
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of insulin v/as taken at least 14-15 hours prior to the
tirne of study, whereas the maximum effect of insulin
takes nlace in about 5-6 hours normally. Complications
such as obesity, infection, hynerfunction of the
pituitary, etc, undoubtedly alter the glycemic level in
some of the patients vb5), (56).
The type of diet in use should also be mentioned
here. A standard diet of 17u0 calories, carbohydrates
75 gm.
,
proteins 67 gm., fats 127 gra. v/as used as a basis
and modified In some instances v/here not tolerated.
Most of the values reported are within normal limits
but when examined for small variations yield some
information not seen at first glance. A ma.iority of the
plasma protein levels, ranging from 7.53-9.14 % (serum
proteins where no fibrinogen is reported;, are within
high normal limits according to the ordinary standards of
6. 5-3.
2
yb us'^'d by Hawk and Rergeim v21), and all but one
within the upper limit if the figures of 5.5-9 % of
Osgood and Haskins v39) are utilized. xhey are all much
higher than the normal range of 5. 6 -6.
9
/o as given by
Wiener and Wiener ^53). This seems to be due in part to
the state of heraoconcentration in many of my cases, as
shown by the plasma volume % and high hemoglobin and
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erythrocyte count. Wieners' cases shov/ the plasma
volume from 53-64 f. with many in the upper levels \58).
The normal limits of fibrinop;en are given by Hawk and
Bergeim to be .3-, 6 % (21), by Osgood and naskins .2-, 4 %
(39), and by Wiener and Wiener .22-. 28 % for males, for
females .25-. 33 % (58). From this it is seen that the
raa.iority of my values tend to be high, and in nearly half
of the cases increased even above the high normal given
by Hawk and Bergeim ^21). The normal range for albumin
is generally quoted as 4. 6-6. 7 %(21), although Wiener
and Wiener offer 4.2-5 yo (58), the globulin values
1.2-2. 3 yc (21), 1.3-3. 3 % (39), l.b-I.Q % (58), and the
albumin-globu] in quotient at 2. 2-3. 3 (53). Thus it is
easily seen that v/hile the albumin and globulin values on
these natients may lie within the extreme limits of this
range, there is a tendency toward a low albumin and a
high normal or Increased globulin which makes the ratios
much lovrer, but which can be explained in part, by the
complicating factors. xhe plasma proteins, for the most
part, are in inverse proportion to the degree of
hydration. This is also true of the albumin fraction
when determined on a series on the same individual,
alt''OUgh Liepore ^28) has shown, with his dogs, that they
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vary directly v.'lth the hlood volume. Chang (9) too,
found that in patients with edema from nephrosis or
malnutrition that the nlasma proteins and blood volume
run in parallel. reters, Kydd, and Eisenman v44j
seem to agree with my findings when they suggested that
the hi gh protein concentration of trie blood, found in
diabetic acidosis, was due to hemoconcentration . In a
series of tests on the same patient, the nlasma proteins
vary inversely with the sugar, since hyperglycemia
induces relative hydremia and the proteins vary inversely
with the state of hydration.
The s^rum calcium and inorganic phosphorus, since
they are so closely related, msiy be studied together. The
ordinary normal for calcium is given as 9-11 mg. by
Nicholson (37), 9-14 mg. by Usgood and riaskins (39),
Boynton males 10.3 mg., females 10.01 mg. ^6), and Mull and
Bill females 10-11.5 mg.
^
34
)
. The phosphorus levels are
taken as 3-4 mg. by Hawk and Bergeim (21), 2. 5-4.
5
mg. by
Todd and Sanford (53), and by Mull and Bill, for women
under 30 years 3. 2-4.
4
mg. and for v/omen over 30 years
2. 6-4. 2 mg. \35^ My calcium results are, for the most
high normals which is in agreement with wieners' work (58).
Inorganic phoa'D'''orus also is within normal limits in my
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cases. There seems to be only slight correlation of
calcium with the protein, contrary to some other reports
(43), but this fact rather agrees v.'ith the views of
Stearns and Knov/lton, who found a lack of relationship
betv/een them in normal children <50). The inverse
proportion of calcium and phosphorus described by reters
and Eiserson v43) is corroborated by my work in most cases
kart of the cholesterol values fall within the
upper limits of normal and the rest are slightly
increased when judged by Joslin's normal range of 12b-'^^30
mp‘. ;P3) but by most standards they are too high ^39),
(37), Fablnowitch considers IBO rag. the top level of
normality in his series of cases (45). Since both
Joslin (23) and Rabinowltch v45) regard the cholesterol
content as an index of the control of the patient's
diabetic condition, these pa.tients of ours, despite the
high blood sugars, show a fair, although not perfect,
degree of adjustment. There seems to be no close
correlation betv/een the blood sugar and the cholesterol
which i s what Mosenthal proved in his tolerance tests
^33;, although Joslin believes that there is in the mild
cases ^23). Another possible correlation might be the
comnensatory rise in cholesterol when there is a lov/
protein value in lipemia. Kabinowitch attributes this
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conceDt to rishberg
,
but, himself, believes that
cholesterol may aid in increasing osmotic pressure
through increasing the permeability of the cell membranes
rather than by exerting a -nressure of its ov/n ^47).
While natients 3 and 5 are not in a state of lipemia,
there is a definite correlation of the proteins and
cholesterol level .
j>ome of the apparent abnormalities of these cases
may be exnlained through the medium of the experimental
work of others. rirst, when glucose or glucose and
Insulin are injected in normal people, the phosphorus drops
and the calcium rises, due to some pai‘t the stimulation
of insulin olays, probably causing the formation of
hexose-phosphate in the muscle vl3). The principal
effect is in the phosphorus, and the calcium is a
secondary compensatory factor. The same takes place
with the ingestion of only glucose but there is a delay
due to the necessity of first stimulating the insulin
production with the glucose and then the phosphorus and
calcium ohenomenon takes place ^13). Markov/itz has
attempted to do this ’with depancreatized dogs with little
or no success although he studied the change in urinary
phosphates rather than in the blood ^30). We may apply
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the calcium-phosphorus theory to the diabetics, but
fortunately their pancreas is still nartly functional,
so that the continuous hyperclycemia may stimulate some
insulin production in varying degrees and so lower the
phosphorus. This coincides fairly closely v/ith our
results and accounts for the persistently high calciums
found both in this study and in that of wiener and
Wiener ^58). In patient 3 the apparent reversal may be
explained by the fact that in the second study the patient
had a cold and congested ear, which apparently lowered
his sugar tolerance, as shov;n by the increased glycemia.
Infection is accomnanied by a lowered ability to utilize
insulin, both natural ano injected, so that the lessened
insulin effect failed to lov/''r the nhosphorus and
therefore there was no comnensatory rise of calcium.
in case 10 the sugar tolerance is very low, and the
diabetes is not well controlled. This is accounted for
by the fact that oatient 10 is a new case recently-
referred to the clinic. Furthermore, the patient has
syphilis, and Wiener and Wiener have found that syphilitics
have a low albumin-globulin quotient (58). That was
found to be true in this case. it indicates an infect-
ious reaction which would also affect the insulin usage.
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Patient also appears to be rather poorly controlled
and so has a low glucose tolerance v/ith a probable
defective insulin mechanism. Therefore we do not see
the decided dron in phosphorus in these. Note that
cases 10, 15, and 3 belong to the group of acute
diabetics, rather than the senile type, vnich indicates
a real insulin deficiency, but case 3, being an insulin
treated patient, has acquired the characteristic low
phosphorus level. All the insulin patients listed here
shovv’ a high level of calcium, which is indicative of this
phenomenon. In this rise in calcium might be
explained as due to the stimulation of insulin production
by the food. (14)
In case 5 F the chanpe in the albumin-globulin
ratio may be due to some obscure infectious process since
she is referred to another clinic for a diagnosis of
abdominal pain.
In cases 7 and 8 the hemoconcentration seems almost
the only apparent cause for such high protein values.
The lov; albumin-globulin ratios of cases 11 and 12
appear to be due to the effects of upper respiratory
infections, which fact is in agreement V'ith the findings
of Wiener and Wiener (58).
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The two glucose tolerance tests do not prove a great
deal as they are incomplete, but they do suggest a
narallelism between the level of blood sugar and the
degree of hydration, which in turn is inversely
proportional to the nlasma proteins. The calcium
figures are not conclusive, but the variation is probably
due to the difference in suear tolerance. The low
albumin-globulin ratio in Fatient II may possibly be
attributed to the cardiac lesion as the albumin is often
loV' in such cases ^40).
Although this work is higrly suggestive, more
extensive study is needed to furnish conclusive proof.
Not all of these cases reported here are complete, due in
some to lack of sufficient blood, or in others to
hemolysis in a sample, etc. More studies on each patient
for comparison are required. Then, too, work on
hospitalized cases will yield material from patients more
completely under control. As time permits more glucose
tolerance tests and some insulin tolerance tests v;ill be
carried out to show the effect on these blood constituents
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Organization of Material,
The si^rnificance of the calcium and phosphorua
levels is so closely related it seems advisable to discuss
them together. In this study the calcium and phospnorus
levels are in inverse ratio in the patients on insulin
medication and patients with some degree of tolerance,
-
v'hich of course is at variance v/ith the work of Markowitz
on depancreatized dop's as these dogs had lost all
tolerance for glucose (30). The effect of hyperglycemia
or glucose and insulin medication causes a dron in
phosphorus and increase in calcium in the majority of cases
as in the experimental work of many others ^13), (14),
(39), (43). This js narticularly outstanding in that
most of the values for calcium are high normals in both
mine and Wieners’ (5R), Cowan and Wright working on
exnerimental hynerglycemia in dogs, found an increase in
calcium following sugar rise, rather than simultaneously
vlO). These fixed ratios do not always hold, even
without the problem of sugar tolerance, as shown by Stearns
and Knowlton in non-nephritic children (50), by Osgood
and Haskins, v/hen they pointed out a high phosphorus level
in nephritis (39), by Farquharson and xibbetts when they
showed a temporary chancre after food ingestion vl4), and
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"by Greenwald, when he tried to make a definite formula
for the ratio of calcium, phosnhor-us
,
and proteins (19),
Greenberg and aunther believe that the diffusible or
ionized calcium is the part linked to the phosphorus (18).
Other men have put a different interpretation on
'he action of insulin on calcium. naiha found either a
rise or a fall in calcium ’.vhen insulin v/as administered to
rabbits (48). He also found a lov/ering of the calcium in
hynoglyc^^mi c shock and believes that convulsions from this
cause stand in etiological relation to calcium variation
produced by insulin. Langeron and associates in r ranee,
in calcium balance experiments, claim a decalcifying
action for insulin (27).
II
Hosier and Ziell sought to determine if parathormone
would affect both calcium and sugar since they often move ii
parallel (22). However parathormone had no effect on
susar metabolism other than to enhance, occasionally,
the effect of insulin in animals not otherwise susceptible.
another possible correlation of sugar and calcium,
of doubtful value, lies in the relationship of guanidine,
sugar, and calcium I'^vels. Synthaiin, a guanidine
derivative, has been used to lower blood sugar level \54),
and Andes and Meyers report an increase of guanidine in som
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Darathyroid tetany v/here there is a low calcium ^1). Thus
both lov; sugar and calcium are compatible with increased
guanidine content, and Minot and Cutler state that calcium
will raise the blood sugar in guanidine poisoning \Z>2)
,
while previously cited references found a rise in calcium
value with glucose increase.
berlinger has advocated the use of calcium salts
in heart disease. He includes a review of the work of
several men who have attempted to attribute the calcium
effect to a stimulation of the sympathetic or vagus nerves
The best hypothesis seems to be that calcium is
amphoteric, since there has been so much variation in its
action. in small doses it is sympathomimetic and tends
toward a condition of hypertension, hyperglycemia, etc.
In larger doses it acts in the same v;ay as does a
stimulation of the vagus causing hypoglycemia. brachome jew'
reports that vagus stimulation depresses the blood sugar
but does not change the calcium (7). Also Santenoise
and Vidacovitch treat t’.eir patients with "vagotonine"
and find that it lowers the blood sugar v49), v/hile
Friedenwald and Feldman working on vagotomized dogs found
no constant change in sTigar metabolism v 17 ) . If the vagus
does affect the blood sugar, and the calcium in large doses
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simulates vagus stimulation, is the beneficial effect
of calcium directl 7y" through nerve stimulation, or does it
increase the glucose and develop superior nutrition when
used in heart disease? Conversely, does the helpful
action of a high carbohydrate diet in heart disorders ^46)
act through Imnroving nutrition entirely, or by causing
Increased calcium v’hich acts directly on the organ?
In the cases studied here there seems to be little
relationship between calcium and nrotein levels, although
I'ishbers- states a definite ratio betv;een calcium, protein,
and phosphorus (15), and Darrow, nopner, and Cary state
that calcium and proteins vary directly ^11), while others
feel that they are not always pro'.ortional (50), (31),
Greenberg goes one step further and links the non-diffusibl
inert calcium with the proteins and the diffusuble calcium
with the phosphorus ^IB).
The cholesterol determinations done on my patients
lie slightly above the normal limits in the majority
of the cases. Since Joslin (23), Rabinowitch (45), and
Nicholson (37) all believe that the height of cholesterol
parallels the control of the disease and is perhaps a
better index than the blood sugar, an examination of the
levels in the patients here shows a fairly high average
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for the tyne of -Datient studied, . They believe a high
cholesterol indicates a faulty fat metabolism or infection.
Mosenthal by tolerance tests found that cholesterol does
not necessarily parallel blood sugar, but varies often
inversely ^33). Snnderman, H.ustin, and Vi/illiams found
that a fall in glucose from insulin caused a fal] in
cholesterol (51).
Diet is an important factor in controlling the level
of cholesterol in the blood. ukey and Stewart studied
the effects of feeding a diet high in cholesterol to
normals and found, the total and free cholesterol content
higher than with the control diet (33). Joslin stresses
the damage done by a high fat diet and believes the
lov;ered cholesterol jn patients of the past few years
a result of a leaning toward a higher carbohydrate-low
fat diet (23). He believes a high fat diet injures the
sugar tolerance and if persisted in may cause fatty
infiltration of the liver v23). Rabinowitch too is
highly in favor of high carbohydrate diets if the patient
is carefully controlled and the fat content kept low v46).
The importance of the relation of protein and
cholesterol lies in its effect on colloid pressure,
rishberg states that with the fall of proteins and the
4
-?-
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consequent loivering of the osmotic pressure there is a
rise of serum lipids to compensate, and in the lipemic
hlood the osmotic pressure per gram of nrotein is higher
^15). Mosenthal in discussing the relation of cholesterol
to the osmotic pressure believes the inverse ratio of
blood sugar and cholesterol is to help to preserve this
equilibrium <33). Rabinov-'i tch in his explanation of the
cholesterol effect on this pressure suggests that lipoids
act by reducing the permeability of the cell membranes and
so facilitating the nassage of fluid. He adds that in
linemi c blood the general hydroatatic pressure is greater.
In edema there Is often a high cholesterol <47).
Another very important relation of the cholesterol
content is its probable role in the causation of
arteriosclerosis. jiloor and his co-workers <4),
Rabinowitch in 1933 <45), and Joslin in several papers
<23), (24), (25) all feel that there is a very close
parallelism between a high cholesterol and the high
incidence of sclerotic changes and warn against the
high death rate from this cause now that the diabetic
has been rescued from a coma death. ihe solution seems
to be careful control and a normal cholesterol limit.
*he nlasma proteins from these patients studied show
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a high normal level, which seems to be due to the hemocon-
centration of most of the bloods. Many of the albumin-
globulin ratios are rather low, but that is undoubtly due
to the presence of various types of infections such as
coryza, which Wiener and Wiener have said will nave such
an effect. (58). They also state that there is generally
an increase in fibrinogen during infection. These fraction
levels in infection are possibly due to changes in
permeability of the capillaries because of disease.
Variation in size of the different protein molecules
accounts for the retention of some and loss of others, as,
for example, the albumin is smaller and so possibly goes
first, or as in nephrosis, increased permeability releases
additional fibrinogen and cholesterol . These men mention
Sorensen's theory of the addition of pseudoglobulin and
lipid to give the fraction knov^n as euglobulin.
Twoensgaard and h.oendahl are also quoted as assigning
great importance to the cholesterol-globulin linkage and
ascribing the greater viscosity of euglobulin to the lipid
addition
.
The relation of protein to sugar levels in the bloods
of single patients does show some coordination, as showTi
in the glucose curves, but the general levels of the group
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ai^e not necessarily nronortional . Uomparing this with
experimental glycemia let us examine tie work of
Tauhenhaus, who, by the ingestion of glucose in normals,
showed a definite lowering of the total proteins and.
fractions at the time of the rise of the blood sugar and
at the time of recession of the blood sugar a definite
increase of albumin and the albumin-globulin ratio ^52).
Cavett doing sugar tolerance tests on normals found no
change in nrotein relations v8).
The relation of protein level to nutrition is an important
one. Lui
,
Chu, V/ang, and chung report nutritional edema
du e to low protein level in the blood caused by inadequate
nrotein in the diet v29). They found by experiment that
1 gm. of animal protein per kg. was superior to an equal
amount of vegetable protein. Another group v;orking
with diabetic patients found the plasma nroteins reduced
in chronic malnutrition. v42) Weech correlates low
albumin with nutritional edema v57). All these workers
admit its close parallelism with the edema of nephrosis.
Wiener and Wiener, in their studies of renal diseases
in cases of diabetes found all types of protein levels but
a low albumin-globulin ratio <58). Muntwyler, Way, Binns
,
and Myers reported a lov/ nrotein and colloid os.motic
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DressiJre associated with the edema of nephritis ^36),
while Peters, Buckman, Eisenman, nald, and Wakeman found
the edema eliminated when the nrotein was above 4 (41).
was an accompanying deficiency of albumin. -they
mentioned that the low protein is due not only to altered
blood volume but to loss through albuminuria and diet
deficiency, as the edema disanpeared wnen the protein
intake was raised v41). Barnett, in plasraaphoresis
experiments, found that mere loss of protein without the
interference of a regeneration mechanism was not sufficient
to cause low plasma nrotein v2). In heart failure edema
there is generally an albumin deficit <40).
In discnssing the relation of proteins to the blood
volume the figures indicate a decrease of protein with
a rise in plasma volume. Chang stated that the volume
change in nenhrosis and nutritional edema is confined
mostly to the plasma. he feels that the proteins, plasma
volume, and edema run nearly in parallel and that protein
concentration is a regulating factor of circulatory^
volume vy). Lepore limited this to the concentration of
plasma albumin as one factor concerned in regulating the
blood volume <27).
When the diabetes is complicated, by severe acidosis
9r. .
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the serum -orotejn Is v/ithin or above normal and falls
during recovery 144). The hemoconcentration is partly
due to a loss of v^ater and nartly d^e to fluid loss into
the tissues. reters
,
Kydd, and Eisenman believe clinical
imnrovement is better correlated with serum nrotein than
with blood sugar. They believe that the state of shock
and hemoconcentration contribute to the cause of coma, and
in cases of coma it is rossible to reduce the sugar and
ketonuria and have the condition not improve until the
serum fluid rises v44). In mild diabetes without ketosis
or malnutrition the nrotein is normal v42).
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SuTTimary
.
The levels of sup;ar, calcium, cholesterol,
phosphorus, and plasma proteins in diabetic blood v/ere
determined on a ffroup of fasting?; patients. The sugar
values varied between 166-45^ mg. with the majority in
the upper levels .
The total plasma proteins were nearly all within
high normal levels, running from 7.53-9.14 %,
The values of the protein fractions show a tendency
to vary from the normal
. The fibrinogen is generally
slightly higher, the albumin at lovr normal level with
the globulin often slightly Increased making the albumin-
globulin quotients, for the most part, belov; 2.
The majority of the serum calcium values group
themselves as high normals.
The inorganic phosphorus values are v/ithin normal
limits .
The cholesterol values are in the high normal group
or slightly increased in the majority of the cases.
The plasma proteins tend, to be in inverse proportion
to the state of hydration.
ihe calcium and phosphorus values are in inverse
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Droportion in most cases.
The higher levels of phosphorus occur in the cases
not under as good therapeutic control
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